Current analysis tools for high-dimensional gene expression profiles typically cluster similarly behaving genes or samples from different patients or tissue types. The main goal of these tools is to 'mine the data' for specific genes and determine their function. Common analysis algorithms, such as hierarchical clustering or self-organizing maps (SOMs) (Eisen et al., 1998; Tamayo et al., 1999) , prejudge the results by forcing the data into a hierarchical organization (dendrograms) or a distinct number of clusters without any biological rationale. However, genes are components of a complex regulatory network which functions as an integrated dynamic entity (Huang, 2001) . The existence of gene networks suggests that high-dimensional gene expression profiles may harbor global (genome-wide) patterns indicative of higher-order (emergent) phenotypic properties. A generic tool that provides a 'holistic' view of the transcriptome may therefore provide a * To whom correspondence should be addressed. means to identify system-wide patterns that are invisible in gene-centered clustering approaches.
Gene Expression Dynamics Inspector (GEDI) transforms dynamic or static, high-dimensional gene expression data into distinct two-dimensional (2D) color patterns. In doing so, GEDI brings abstract data to the realm of intuitive human 'Gestalt' perception that is often more powerful and versatile than existing pattern recognition algorithms. GEDI also displays the sample-to-sample distances indicating the speed at which the transcriptome travels through gene expression state space during a biological process.
At its core, GEDI uses an SOM (Kohonen, 1997) to reduce data dimensionality with respect to gene number and to create characteristic visual representations for each sample. However, unlike the conventional use of SOMs to classify genes or samples into discrete groups of potential biological significance, GEDI creates a global representation by using the SOM to project the genes onto a 2D mosaic where the tiles represent individual SOM clusters. Since the number of SOM clusters translates into the 'resolution' of the mosaic, we use SOMs with hundreds of 'miniclusters' (typically 1-9 genes) to create high-resolution mosaic pictures. The color of each tile of the mosaic is determined by the centroid value of that respective minicluster evaluated at each sample. Because SOMs place similar genes into the same neighborhood, coherent and robust pictures emerge that are characteristic of every sample. The spatial correspondence of the centroids is preserved because the mapping of genes to the tiles is invariant across the samples. For data sets composed of gene expression profiles from multiple time points, GEDI generates movies by animating the mosaic stack, providing an intuitive visualization of the time evolution of the transcriptome. (Examples can be seen at http://www.chip.org/~ge/gedihome.html). When static samples (e.g. different patients or tissue specimens) are compared, GEDI allows the user to browse quickly through the stack of mosaics to identify groups of similar patterns based on gestalt recognition, without prior definition of classes.
GEDI takes input data formatted in a tab-delimited ASCII file containing a (N P × N Q ) matrix, where each of the N Q columns q ji represents a sample, and the N P rows p k represent the genes. The values of the matrix elements represent gene 
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expression levels (e.g. log of expression change ratios). The set Q of the N Q samples can be grouped in J classes, Q J , i.e. Q = {Q 1 , Q 2 , . . . , Q J } where each class may represent one of J time courses, tissues or experimental groups (if known a priori). Each class Q J = {q J 1 , q J 2 , . . . , q J T } contains T J samples. Thus, an essential idea behind this analysis is that all the samples q of the entire set Q are concatenated columnwise in the (N P × N Q ) matrix for training the SOM.
The output of the SOM is a mosaic of user defined size m × n, consisting of C = mn tiles which determine the 'pixel resolution' of the mosaic. The SOM maps each of the N P genes of sample q to a tile c,which represents the centroid of a minicluster, c = {1, 2, . . . , C}. Because of the concatenation of the samples in the input matrix, a gene x will be represented by the same tile (position) in each of the N Q mosaics. This allows the direct comparison of multiple parallel time courses. Colors are assigned to each tile according to its centroid value. Stacks of mosaics of each sample class are displayed in the J windows. If the samples q J 1 , q J 2 , . . . , q J T represent a time course, the mosaics are rearranged into their correct temporal order, interpolated and animated to produce a movie that runs in each of the J windows in synchrony or independently. Figure 1A shows a simple time course experiment, i.e. J = 1, Q = {q 1 , q 2 , . . . , q t } representing the time evolution of the gene expression profile during slime mold development (Van Driessche et al., 2001) . In Figure 1B , two time courses (i.e. two classes of samples) describing the development of male and female Drosophila are compared (Arbeitman et al., 2002) , thus, J = 2, Q = {Q 1 ; Q 2 } = {q 11 , q 12 , . . . q 1T ; q 21 , q 22 , . . . , q 2T }. In the slime mold example (Fig. 1A, top) , the movie reveals a drastic change of the mosaic pattern between 6 and 8 h, indicating a 'jump' in gene expression state space, which is reflected in the peak of the inter-mosaic Euclidean distance (Fig. 1A , bottom) and coincides with a dramatic phenotypic transition from unicellular to multicellular state. Analysis of the mosaics from male and female Drosophila at different ages also immediately reveals a dramatic sex-specific phenotype: the mosaic patterns appear to be orthogonal (Fig. 1B) .
GEDI allows the user to retrieve specific genes (and their annotations) associated with interesting regions of the mosaic patterns by clicking on a tile. This tool provides a mechanism to compare simultaneously gene activities across gene, time and sample space without prior assumption of any structure in the data. As bioinformatics and genomics begin to embrace a more holistic, systems view of biological processes, the visual power of GEDI also may be especially useful for non-specialist end users, such as biologists or physicians, who are more comfortable recognizing patterns (e.g. from a quick inspection of an X-ray) than a mathematical representation of the same pattern. GEDI v1.0 is written in Matlab R13 (Mathworks, Natick, MA) and distributed as a Matlab executable package for Windows only. 
